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(54) TORQUE CONTROL DEVICE FOR HYDRAUUC PUMP OF HYDRAULIC COr^TRUCTION 
EQUIPMENT 



(57) If an engine output lowers due to change of the 
environment, modification gain calculating portions 70m 
- 70u and a torque modification value calculating portion 
70v receive signals detected by sensors 75 - 82 and 
estimate a lowering of the engine output power as a 
torque modification value ATFL. A speed sensing 
torque deviation modifying portion 701 sut}tracts the 
torque modification value ATFL from a speed sensing 
torque deviation ATI. A resulting torque modification 
ATNL is added to a pump base torque TRO to determine 



a suction torque TR1 (target maximum suction torque), 
and a resulting signal is output to a solenoid control 
valve 32. The solenoid control valve 32 controls respec- 
tive servo valves 22 for total horsepower control, 
thereby controlling the maximum suction torque of the 
hydraulic pumps 1 . 2. As a result, even when tiie output 
power of a prime mover lowers, a reduction of the revo- 
lution speed of the prime mover can be suppressed at a 
high load. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a torque con- 
trol system for a hydraulic pump in hydraulic construc- 
tion machines, and more particularly to a torque control 
system for a hydraulic pump in hydraulic construction 
machines such as hydraulic excavators in which a die- 
sel engine is installed as a prime mover and hydraulic 
actuators are driven by a hydraulic fluid delivered from a 
hydraulic pump, which is rotatively driven by the engine, 
to carry out necessary work. 

BACKGROUND ART 

[0002] A hydraulic construction machine such as a 
hydraulic excavator, generally, includes a diesel engine 
as a prime mover and carries out necessary work by 
rotatively driving at least one variable displacement 
hydraulic pump by the engine and driving hydraulic 
actuators by a hydraulic fluid delivered from the hydrau- 
lic pump. The diesel engine is provided with input 
means such as an accelerator lever for instructing a tar- 
get revolution speed, and an amount of injected fuel is 
controlled depending on the target revolution speed, 
whereby the revolution speed is controlled. 
[0003] With respect to control of an engine and a 
hydraulic pump in such a hydraulic construction 
machine, JP, A, 62-8618. entitled "Control Method for 
Driving System Including Internal Combustion Engine 
and Hydraulic Pump", proposes one control method. 
The proposed control method is an sample of the so- 
called speed sensing control with whk:h a difference 
between the target revolution speed and the actual 
engine revolution speed (i.e., a revolution speed devia- 
tion) is determined by a revolution speed sensor, and an 
input torque of the hydraulic pump is controlled using 
the revolution speed deviation. 
[0004] The purpose of that control is to reduce the 
load torque (input torque) of the hydraulic pump and to 
prevent the engine from stalling, thereby enabling the 
engine output power to be effectively utilized, when the 
detected actual engine revolution speed is reduced rel- 
ative to the target revolution speed. 

DISCLOSURE OF THE INVENTION 

[0005] Meanwhile, a lowering of the engine oulput 
power depends on environment around the engine. 
When engines are used in highland, for example, the 
engine output torque is reduced due to a lowering of the 
atmospheric pressure. 

[0006] When the engine load is light, some point on a 
regulation cun^e of a fuel injection device (governor 
mechanism) becomes a matching point between the 
engine load and the oulput torque. Thus, regardless of 
a lowering of the engine output power depending on 



change of the environment, the engine revolution speed 
is given by a value which is a little higher than the target 
revolution speed and corresponds to some point on the 
regulation characteristic curve of the governor mecha- 
nism. 

[0007] When the engine load increases, a matching 
point is established between the engine load and the 
output torque corresponding to the target revolution 
speed that is determined by an engine output torque 
characteristic specific to the engine. In the case of such 
a matching point being effective, if the engne output 
power lowers due to change of the environment, the 
atx>ve-mentioned speed sensing control is performed 
such that a suction torque of the hydraulic pump is 
reduced in accordance with a lowering of the engine 
revolution speed to estatrfish a match at a point where 
the suction torque of the hydraulic pump and the engine 
output torque are equal to each other. 
[0008] in the above prior art. therefore, if the engine 
output power lowers due to change of the environment 
under an increased engine load, the engine revolution 
speed is reduced to a large extent as the engine load 
changes from a light load to a Ngh load. For example, 
where a hydraulic construction machine is a hydraulic 
excavator and excavation is to be carried out with the 
hydraulic excavator in high ground, the engine revolu- 
tion speed is given by a value a little higher than the tar- 
get revolution speed entered by an operator when a 
bucket is empty, but the engine revolution speed is 
greatly reduced when excavation of earth and sand is 
started. 

[0009] This changes noise and vibration of a machine 
body atb^ibutable to the engine revolution speed, thus 
making the operator more fatigued. 
[001 0] It is an object of the present invention to pro- 
vide a torque control system for a hydraulic pump in 
hydraulic construction machines which can suppress a 
reduction of the revolution speed of a prime mover at a 
high load even when an output power of the prime 
mover lowers due to cfiange of the environment. 
[001 1 ] To achieve the akx>ve object, the constructions 
and associated features empfoyed in the present Inven- 
tion areasfbllows. 

(1) To achieve the above object, according to the 
preserrt invention, in a torque control system for a 
hydraulic pump in a hydraulic construction machine 
comprising a prime mover, a variat>le displacement 
hydraulic pump driven t>y the prime mover, input 
means for instructing a target revolution speed of 
the prime mover, first detecting means for detecting 
an actual revolution speed of the prime mover, and 
speed sensing control means for calculating a devi- 
ation k)etween the target revolution speed and the 
actual revolution speed and controlling a maximum 
suction torque of the hydraulic pump in accordance 
with the calculated deviation, tiie torque control 
system includes second detecting means for 



2 



1 



EP 0 945 619 A1 



2 



detecting status variables relating to the environ- 
ment of the prime mover, and torque modifying 
means for. in accordance with values detected by 
the second detecting means, modifying the maxi- 
mum suction torque of the hydraulic pump to be 5 
controlled by the speed sensing control means. 

Here, the status variables relating to the envi- 
ronment of the prime mover and detected by the 
second detecting means may include a cooling 
water temperature, an intake tenrperature, an 10 
engine oil temperature, an exhaust temperature, an 
atmospheric pressure, intake pressure, exhaust 
pressure and so on. 

By detecting the status variables relating to the 
environment of the prime mover by the second is 
detecting means and modifying the maximum suc- 
tion torque of the hydraulic pump in accordance 
with the detected values by the torque oKKlifying 
means, the maximum suction torque of the hydrau- 
lic punp can be reduced beforehand in an amount 20 
by which the output power of the prime mover low- 
ers due to change of the environment. Accordingly, 
even when the output power of the prime mover 
lowers due to change of the environment the revo- 
lution speed of the prime mover at a maximum 2S 
torque matching point is not reduced to a large 
extent, and satisfactory working efficiency can be 
ensured with a small reduction in the revolution 
speed of the prime mover. 

(2) In the above (1). preferably, the speed sensing 30 
control means comprses means for calculating a 

. target maximum suction torque of the hydraulic 
pump based on the target revolution speed and the 
revolution speed deviation, and means for limitingfy 
controlling a maximum displacement of the hydrau- 35 
lie pump in accordance with the target maximum 
suction torque, and the torque modifying means 
modifies the target maximum suction torque in 
accordance with the values detected by the secorKf 
detecting means. 40 

By so modifying the target maximum suction 
torque, the maximum suction torque of the hydrau- 
lic pump can be modified. 

(3) In the above ( 1 ), preferably, the torque modifying 
means comprises means for. for each of the status 45 
variables relating to the environment of the prime 
mover, determining an output power change of the 
prime mover corresponding to the detected value of 

the instantaneous status variable from a preset 
relationship between the status variable and the so 
output power change, and means for modifying the 
maximum suction torque of the hydraulic pump in 
accordance with the output power change. 

With this feature, the torque modifying means 
can estimate an amount by which the output power ss 
of the prime mover lowers due to change of the 
environment, and the maximum suction torque of 
the hydraulic pump can be reduced in accordance 



with the estimated value. 

(4) In the at)ove (3). preferably, the torque nvxiifying 
means further comprises means for determining a 
modification value corresponding to the instantane- 
ous output power change of tiie prime mover from a 
preset weighting function for the output power 
change depending on tiie status variables relating 
to the environment of the prime mover, and the 
means for modifying the maximum suction torque 
of the hydraulic pump in accordance with the output 
power change modifies the maximum suction 
torque of the hydraulic pump in accordance with the 
modification value. 

With this feature, based on the detected values 
of the status variables relating to the environment of 
the prime mover, tiie torque modifying means can 
calculate the modification value corresponding to 
die amount by which tiie output power of the prime 
mover lowers. 

(5) In the above (1). preferably, the speed sensing 
control means comprises first means for calculating 
a pump base torque in accordance with the target 
revolution speed, calculating a speed sensing 
torque deviation in accordance with the revolution 
speed deviation, and adding the speed sensing 
torque deviation to the pump base torque to provide 
tiie target maximum suction torque of the hydraulic 
pump, and second means for limitingly controlling a 
maximum displacement of the hydraulic pump in 
accordance with the target maximum suction 
torque, and the torque modifying means comprises 
third means for calculating a torque modification 
value for the target maximum suction torque in 
accordance with the values detected by the second 
detecting means, and fourth means for subtracting 
the torque modification value when the speed sens- 
ing torque deviation is added to the punp t>ase 
torque by the f nnst means, thereby modifying the tar- 
get maximum suction torque. 

Thus, the maximum suction torque of the 
hydraulic pump can be modified by determining, as 
the torque modification value, the amount by which 
the output power of the prime mover lowers due to 
change of the environment, and subtracting the 
torque modification value from the pump base 
torque, thereby oKxfifying the target maximum suc- 
tion torque. 

(6) In the above (1). preferably, the speed sensing 
control means comprises first means for calculating 
a pump base torque in accordance witii the target 
revolution speed, subtracting tiie target revolution 
speed from the actual revolution speed to deter- 
mine the revolution speed deviation, and modifying 
the pump base torque in accordance with the revo- 
lution speed deviation to provide the target maxi- 
mum suction torque of the hydraulic pump, and 
second means for limitingly controlling a maximum 
displacement of the hydraulic pump in accordance 
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with the target maximum suction torque, and the 
torque modifying means comprises third means for 
calculating a revolution speed modHication value for 
the target revolution speed in accordance with the 
values detected by the second detecting means, 
and fourth means for further subtracting the revolu- 
tion speed modification value when the target revo- 
lution speed is subtracted from the actual revolution 
speed by the first means. 

[001 2] Thus, the amount by which the output power of 
the prime mover lowers due to change of the environ- 
ment may be provided as the revolution speed modifica- 
tion value. In this case, the maximum suction torque can 
be modified by further subtracting the revolution speed 
modification value when the target revolution speed is 
subtracted from the actual revolution speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Fig. 1 is a diagram showing an engine/|pump control 
system including a torque control system for a 
hydraulic pump accordng to a first embodiment of 
the present invention. 

Fig. 2 is a hydraulic circuit diagram of actuators and 
a valve unit connected to hydraiiic pumps shown in 
Fig. 1. 

Rg. 3 is a diagram showing an operation pilot sys- 
tem for flow control valves shown in Fig. 2. 
Rg. 4 is a diagram showing input/output relations of 
a controller shown in Fig. 1 . 
Rg. 5 is a functional block diagram showing part of 
processing functions of the controller. 
Rg. 6 is a functional block diagram showing another 
part of the processing functions of the controller. 
Rg. 7 is a graph showing matching points between 
an engine output torque and a pump suction torque 
under speed sensing control according to the first 
embodiment. 

Rg. 8 is a graph showing matching points between 
an engine output torque and a pump suction torque 
under conventional speed sensing control. 
Rg. 9 is a functional block diagram showing part of 
processing functions of the controller according to a 
second embodiment of the present invention. 
Rg. 10 is a functional block diagram showing 
another part of the processing functions of the con- 
troller. 

Rg. 11 is a graph showing matching points 
between an engine output torque and a pump suc- 
tion torque under speed sensing control according 
to the second errtxxliment. 

BEST MODE FOR CARRYING OUT THE INVENTION 



[0014] 



Embodiments of the present invention will be 



described below with reference to the drawings. In the 
following embodiments, the present invention is applied 
to an engine/pump control system for a hydraulic exca- 
vator. 

5 [001 51 To begin with, a f irst embodiment of the present 
invention will be desaibed with reference to Figs. 1 - 8. 
[00161 In Fig. 1. reference numerals 1 and 2 denote 
variable displacement hydraulic pumps of the swash 
plate type, for exanple. A valve unit 5 shown in Fig. 2 is 
10 connected to delivery lines 3. 4 of the hydraulic pumps 
1 , 2. A hydraulic fluid is supplied to a plurality of actua- 
tors 50 - 56 through the valve unit 5 for driving the actu- 
ators. ^. , 
[00171 Reference numeral 9 denotes a fixed displace- 
15 ment pilot pump. A pilot relief valve 9b for holding the 
delivery pressure of the pilot pump 9 at a constant level 
is connected to a delivery line 9a of the pilot pump 9. 
[0O18] The hydraulic pumps 1 . 2 and the pilot pump 9 
are coupled to an output shaft 11 of a prime mover 10 
20 and are lotataWy driven by the prime mover 10. Refer- 
ence numeral 12 denotes a cooling fan. and 13 denotes 
a heat exchanger. 

[00191 Details of the valve unit 5 will now be 
described. 

25 [00201 In Rg. 2. the valve unit 5 includes two valve 
groups: flow control valves 5a - 5d and flow control 
valves 5e - 5i. The flow control valves 5a - 5d are posi- 
tioned on a center bypass line 5j which is connected to 
the delivery line 3 of the hydraulic punp 1 . and the flow 
30 control valves 5e-5i are positioned on a center bypass 
line 5k which is connected to the delivery line 4 of the 
hydraulic pump 2, The delivery lines 3. 4 include a main 
relief valve 5m for fixing a maximum value of the deliv- 
ery pressure of the hydraulic pumps 1 . 2. 
35 [00211 The flow control valves 5a - 5d and the flow 
control valves 5e - 5i are all center bypass valves, and 
hydraulic fluids delivered from the hydraulic pumps 1 . 2 
are supplied through the flow control valves to con-e- 
sponding ones of the actuators 50 - 56. The actuator 50 
40 is a hydraulic motor for a track on the right side (right 
track motor), the actuator 51 is a hydraulic cylinder for a 
bucket (bucket cylinder), the actuator 52 is a hydraulic 
cylinder for a boom (boom cylinder), the actuator 53 is a 
hydraulic motor for a swing (swing motor), the actuator 
45 54 is a hydraulic cylinder for an arm (arm cylinder), the 
actuator 55 is a hydraulic cylinder for resen/e. and the 
actuator 56 is a hydraulic motor for a track on the left 
side (left track motor). The flow control valve 5a is asso- 
ciated with the track on the right side, the flow control 
so valve 5b is associated with the bucket, the flow control 
valve 5c is the first one associated with the boom, the 
flow control valve 5d is the second one associated with 
the arm. the flow control valve 5e is associated with the 
swing, the flow control valve 5f is the first one assod- 
55 ated writh the arm. the flow control valve 5g is the sec- 
ond one associated with the boom, the flow control 
valve 5h is for reserve, and the ftow control valve 5i is 
associated with the track on the left side. In other words. 
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two flow cx}ntrol valves 5g, 5c are provided for the boom 
cylinder 52 and two flow control valves 5d. 5f are pro- 
vided for the arm cylinder 54 so that the hydraulic fluids 
delivered from the hydraulic pumps 1 , 2 can be joined 
together and supplied to each of the boom cylinder 52 
and the arm cylinder 54 on the bottom side. 
[0022] Fig. 3 shows an operation pilot system for the 
flow control valves 5a - 5i. 

[0023] The flow control valves 51. 5a are shifted by 
operation pilot pressures TR1, TR2; TR3. TR4 from 
operation pilot devices 39, 38 of an operating unit 35. 
respectively. The flow control valve 5b and the flow con- 
trol valves 5c. 5g are shifted by operation pilot pres- 
sures BKC. BKD; BOD. BOU from operation pilot 
devices 40, 41 of an operating unit 36, respectively. The 
flow control valves 5d. 5f arxJ the flow control valve 5e 
are shifted by operation pilot pressures ARC. ARD; 
SW1. SW2 from operation pilot devices 42. 43 of an 
operating unit 37, respectively. The flow control valve 5h 
Is shifted by operation pilot pressures AU1 . AU2 from an 
operating pilot device 44. 

[0024] The operation pilot devices 38 - 44 comprise 
respectively pairs of pilot valves (pressure reducing 
valves) 38a. 38b - 44a. 44b. The operation pilot devices 
38. 39, 44 further comprise respectively control pedals 
38c. 39c. 44c. The operation pilot devices 40. 41 further 
comprise a common control lever 40c. and the opera- 
tion pilot devices 42. 43 further comprise a common 
control lever 42c. When any of the control pedals 38c. 
39c. 44c and the control levers 40c. 42c is operated, 
one of the pilot valves of the associated operation pilot 
device is shifted depending on the direction in which the 
control pedal or lever is operated, and an operation pilot 
pressure is generated dep^ing on the input amount 
by which the control pedal or lever is operated. 
[0025] Shuttle valves 61 - 67 are connected to output 
lines of ttie respective pilot valves of the operation pilot 
devices 38 - 44. Other shuttle valves 68. 69 and 100 - 
103 are further connected to the shuttie valves 61 - 67 
in a hierarchical structure. The shuttie valves 61 . 63. 64. 
65. 68. 69 and 1 01 cooperatively detect the maximum of 
the operation pilot pressures from the operation pilot 
devices 38, 40. 41 and 42 as a control pilot pressure 
PL1 for ttie hydraulic pump 1 . The shuttle valves 62, 64, 
65, 66, 67, 69, 100. 102 and 103 cooperatively detect 
the maximum of the operation pHot pressures from the 
operation pilot devices 39. 41. 42. 43 and 44 as a con- 
trol pilot pressure PL2 for the hydraulic pump 2. 
[0026] The engine/pump control system including the 
torque control system for a hydraulic pump according to 
the present invention is installed in the hydraulic drive 
system described above. Details of the control system 
will be described below. 

[0027] Returning to Fig. 1 . the hydraulic pumps 1 , 2 
are provided with regulators 7. 8 for controlling tilting 
positions of swash plates la, 2a of displacement vary- 
ing mechanisms for the hydraulic pumps 1. 2, respec- 
tively. 



[0028] The regulators 7. 8 of the hydraulic pumps 1 . 2 
comprise, respectively, tilting actuators 20A, 20B (here- 
inafter represented simply by 20). first servo valves 21 A. 
21 B (hereinafter represented simply by 21) for positive 

5 tilting control based on the operation pilot pressures 
from the operation pilot devices 38 - 44 shown in Fig. 3, 
and second servo valves 22A. 22B (hereinafter repre- 
sented simply by 22) for total horsepower control of tiie 
hydraulic pumps 1 . 2. These servo valves 21 . 22 control 

10 the pressure of a hydraulic fluid delivered from the pilot 
pump 9 and acting on the tilting actuators 20. thereby 
controlling the tilting positions of the hydraulic pumps 1 , 
2. 

[0029] Details of the tilting actuators 20 arrd the first 
IS and second servo valves 21 . 22 will now be described. 
[0030] The tilting actuators 20 each comprise an oper- 
ating piston 20c provided with a large-diameter pres- 
sure bearing portion 20a and a small-diameter pressure 
bearing portion 20b at opposite ends thereof, and pres- 
to sure bearing chambers 20d. 20e in which the pressure 
bearing portions 20a. 20b are positioned respectively. 
When pressures in both the pressure bearing chambers 
20d. 20e are equal to each other, the operating piston 
20c is moved to the right on the drawing, whereupon the 
25 tilting of the swash plate la or 2a is diminished to 
reduce the pump delivery rate. When the pressure in 
the large-diameter pressure bearing chamber 20d low- 
ers, the operating piston 20c is moved to the left on the 
drawing, whereupon the tilting of the swash plate la or 
30 2a is enlarged to increase the pump delivery rate. Fur- 
ther, the large-diameter pressure bearing chamber 20d 
is connected to a delivery line 9a of the pilot pump 9 
through the first and second servo valves 21, 22, 
whereas the small-diameter pressure bearing chamber 
35 20e is directly connected to the delivery line 9a of the 
pilot pump 9. 

[0031 ] The first servo valves 21 for positive tilting con- 
trol are each a valve operated by a control pressure 
from a solenoid control valve 30 or 31 for controlling the 

40 tilting position of tiie hydraulic pump 1 or 2. When the 
control pressure is high, a valve body 21a is moved to 
tiie right on the drawing, causing the pilot pressure from 
the pilot pump 9 to be transmitted to the pressure bear- 
ing chamber 20d witfiout being reduced, whereby the 

45 tilting of the hydraulic pump 1 or 2 is reduced. As the 
control pressure lowers, the valve body 21a is moved to 
the left on the drawing by ttie force of a spring 21b, 
causing the pilot pressure from the pilot pump 9 to be 
transmitted to the pressure bearing chamber 20d after 

so being reduced, wherefc^y the tilting of the hydraulic pump 
1 or 2 is increased. 

[0032] The second servo valves 22 for total horse- 
power control are valves operated respectively by the 
delivery pressures of the hydraulic pumps 1 , 2 and a 
55 control pressure from a solenoid control valve 32. 
tiiereby effecting tiie total horsepower control for the 
hydraulic pumps 1 , 2. A maximum suction torque of the 
hydraulic pumps 1 . 2 is limit-controlled by the solenoid 
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control valve 32. 

[00331 More specitically. the delivery pressures of the 
hydraulic pumps 1 . 2 and the control pressure from the 
solenoid control valve 32 are introduced respectively to 
pressure bearing chambers 22a. 22b, 22c in an opera- 
tion drive sector. When the sum of hydraulic pressure 
forces given by the delivery pressures of the hydraulic 
punps 1 and 2 is lower than a setting value which is 
determined by a difference between the resilient force of 
a spring 22d and the hydraulic pressure force given by 
the control pressure introduced to the pressure bearing 
chamber 22c. a valve body 22e is moved to the nght on 
the drawing, causing the pilot pressure from the pilot 
pump 9 to be transmitted to the pressure beanng cham- 
ber 20d after being reduced, whereby the tiltng of the 
hydraulic pump 1 or 2 is increased. As the sum of 
hydraulic pressure forces given by the delivery pres- 
sures of the hydraulic pumps 1 and 2 rises over the set- 
ting value, the valve body 22a is moved to the left on the 
drawing, causing the pilot pressure from the pilot pump 
9 to be transmitted to the pressure bearing chamber 
20d without being reduced, whereby the tilting of the 
hydraulic pump 1 or 2 is reduced. Further, when the 
control pressure from the solenoid control valve 32 is 
low the setting value is increased so that the tilting of 
the hydraulic punp 1 or 2 starts reducing from a rela- 
tively high delivery pressure of the hydraulic pump 1 or 
2 and as the control pressure from the solenoid control 

valve 32 rises, the setting value is deaeased so that the 
tilting of the hydraulic pump 1 or 2 starts reducing from 
a relatively low delivery pressure of the hydraulic pump 
1 or 2. 

[00341 The solenoid control valves 30. 31. 32 are pro- 
portional pressure reducing valves operated by drive 
currents SI1 . SI2. SI3. respectively, such that the control 
pressures output from them are maximized when the 
drive currents SI1. SI2, SI3 are minimum, and are low- 
ered as the drive currents SI1, SI2. SI3 inaease. The 
drive currents SI1 . SI2. SI3 are output from a controller 
70 Shown in Fig. 4. 

[00351 The prime mover 10 is a diesel engine and 
includes a fuel iniection device 14. The fuel injection 
device 14 has a governor mechanism and controls the 
engine revolution speed to become coincident with a 
target engine revolution speed NR1 based on an output 
signal from the controller 70 shown in Fig. 4. 
[0036] There are several types of governor mecha- 
nisms for use in the fuel injection device. e.g.. an elec- 
tronic governor control unit for effecting control to 
achieve the target engine revolution speed directly 
based on an electric signal from the controller, and a 
mechanical governor control unit in which a motor is 
coupled to a governor lever of a mechanical fuel injec- 
tion pump and a posrtion of the governor lever is control- 
led by driving the motor in accordance with a command 
value from the controller so that the governor lever takes 
a predetermined position at which the target engine rev- 
olution speed is achieved. The fuel ir^eclion device 1 4 in 
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this embodiment may be any suitable type. 
[00371 The prime mover 10 is provided with a target 
engine-revolution-speed input unit 71 through which the 
operator manually enters a targrt engine revolution 
speed. As shown in Fig. 4. an input signal of the target 
engine revolution speed NRO is taken into the controller 
70. and a signal of the target engine revolution speed 
IMR1 is output from the controller 70 to the fuel injection 
device 14 for controlling the revolution speed of the 
prime mover 10. The target engine-revolution-speed 
input unit 71 may comprise electric input means, such 
as a potentiometer, tor directly entering the signal to the 
controller 70. thus enabling the operator to select the 
magnitude of the target engine revolution speed as a 
reference. 

[00381 Also, the control system includes a revolution 
speed sensor 72 for detecting an actual revolution 
speed NE1 of the prime mover 10. and pressure sen- 
sors 73, 74 (see Fig. 3) for detecting the control pilot 
pressures PL1 . PL2 for the hydraulic pumps 1 . 2. 
[00391 As sensors for detecting environment of the 
prime mover 10. there are further provided an atmos- 
pheric pressure sensor 75. a fuel temperature sensor 
76. a cooling water temperature sensor 77. an intake 
temperature sensor 78. an intake pressure sensor 79. 
an exhaust terrperature sensor 80. an exhaust pressure 
sensor 81. and an engine oil temperature sensor 82 
which output respectively an atmospheric pressure sen- 
sor signal TA. a fuel temperature sensor signal TF. a 
cooling water temperature sensor signal TW. an intake 
temperature sensor signal Tl. an intake pressure sensor 
signal PI. an exhaust temperature sensor sigial TO. an 
exhaust pressure sensor signal PO. and an engine oil 
tenrperature sensor signal TL 
[0040] Fig. 4 shows input/output relations oi all signals 
to and from the controller 70. The controller 70 receives 
the signal of the target engine revolution speed NRO 
from the target engne-revolution-speed input unit 71. 
and outputs the signal of the target revolution speed 
NR1 to the fuel injectian device 14 for controlling the 
revolution speed of the prime mover 10, as described 
above. In addition, the controller 70 receives a signal of 
the actual revolution speed NE1 from the revolution 
speed sensor 72. sign^s of the pump control pilot pres- 
sures PL1, PL2 from the pressure sensors 73, 74, and 
signals from the environment sensors 75- 82. i.e.. the 
atmospheric pressure sensor signal TA. the fuel temper- 
ature sensor signal TF. the cooling water temperature 
sensor signal TW. the intake temperature sensor signal 
Tl the intake pressure sensor signal PI, the exhaust 
teirperature sensor signal TO. the exhaust pressure 
sensor signal PO. and the engine oil temperature sen- 
sor signal TL. After executing predetermined arithmetic 
operations, the controller 70 outputs the drive currents 
SI1. SI2. 813 to the solenoW control valves 30 - 32. 
respectively, for controBing the tilting positions, i.e.. the 
delivery rates, of the hydraulic pumps 1 , 2. 
[00411 Figs. 5 and 6 show processing functions exe- 
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cuted by the controller 70 for control of the hydraulic 
pumps 1, 2. 

[0042] In Fig. 5. the controller 70 has functions of 
pump target tilting calculating portions 70a. 70b, sole- 
noid output current calculating portions 70c. 70d. a 
base torque calculating portion 70e, a revolution speed 
deviation calculating portion 70f, a torque converting 
portion 70g, a limit calculating portion 70h. a speed 
sensing torque deviation modifying portion 701, a base 
torque nrKXiifying portion 70j, and a solenoid output cur- 
rent calculating portion 70k. 

[0043] in Fig. 6, the controller 70 further has functions 
of modification gain calculating portions 70m - 70u and 
a torque modif ication value calculating portion 70v. 
[0044] In Fig. 5, the pump target tilting calculating por* 
tion 70a receives the signal of the control pilot pressure 
PL1 for flie hydraulic pump 1 and calculates a target tilt- 
ing 0R1 of the hydraulic pump 1 oorresporxjing to the 
control pilot pressure PL1 at that time by referring to a 
relevant table stored in a menx)ry. The target tilting eR1 
is a reference flow metering value for positive tilting con- 
trol in accordance with tiie input amounts from the pilot 
operating devices 38, 40. 41 and 42. In the memory 
tattle, a relationship t^etween PL1 and 0R1 is set such 
that tiie target tilting ORI increases as the control pilot 
pressure PL1 rises. 

[0045] The solenoid output current calculating portion 
70c determines, based on eRI . the drive cunrent SI1 for 
tilting control of the hydraulic pump 1 to provide ORI; 
and outputs the drive currart S11 to the solenoid control 
valve 30. 

[0046] Likewise, with the pump target tilting calculat- 
ing portion 70b and the solenoid output current calculat- 
ing portion 70d. the drive current S12 for tilting control of 
the hydraulic pump 2 is calculated based on the signal 
of the punp control pilot pressure PL2 and is then out- 
put to tiie solenokJ control valve 31 . 
[0047] The base torque calculating portion 70e 
receives the signal of the target engine revolution speed 
NRO and calculates a pump base torque TRO corre- 
sponding to the target engine revolution speed NRO at 
that time by referring to a relevant table stored in a 
memory. In the memory table, a relationship between 
NRO and TRO is set such tiiat tiie punp base torque 
TRO increases as the target engine revolution speed 
NRO rises. 

[0048] The revolution speed deviation calculating por- 
tion 70f calculates a revolution speed deviation AN 
which represents a difference between the target 
engine revolution speed NR1 and the actual engine rev- 
olution speed NE1 . 

[0049] The torque converting portion 70g calculates a 
speed sensing torque deviation ATO by multiplying tiie 
revolution speed deviatfon AN by a speed sensing gain 
KN. 

[0050] The limit calculating portion 70h calculates a 
speed sensing torque deviation ATI by multiplying tiie 
speed sensing torque deviation ATO by upper and lower 



limits. 

[0051 ] The speed sensing torque deviation modifying 
portion 70i calculates a torque deviation ATNL by sub- 
tracting, from the speed sensing torque deviation ATI , a 
5 torque modification value ATFL obtained by tiie 
processing in Fig. 6. 

[0052] The base torque modifying portion 70j calcu- 
lates a suction torque TR1 by adding ttie torque devia- 
tion ATNL to tiie pump base torque TRO determined by 
10 the base torque calculating portion 70e. The resulting 
TR1 becomes a target maximum suction torque of the 
hydraulic pumps 1, 2. 

[0053] The solenoid output current calculating portion 
70k determines, based on TR1 , the drive current SI3 for 
15 maximum suction torque control of tiie hydraulic pumps 
1 , 2 to provide TR1 , and outputs the drive current SI3 to 
the solenoid corrtrol valve 32. 

[0054] In Fig. 6, the modifk^tion gain calculating por- 
tion 70m receives the atmospheric pressure sensor sig- 
20 nal TA and calculates a modifkation gain KTA 
corresponding to the atmospheric pressure sensor sig- 
nal TA at that time by referring to a relevant table stored 
in a memory. The nrKXIification gain KTA is provided by 
determining a modrftcation \^ue from a relevant char- 
ts acteristic of the engine alone and storing it beforehand. 
The following other nrxxdif ication gains are also provided 
in a like manner. 

[0055] Here, in view of tiie fact that tiie engine output 
power is reduced with a lowering of the atmospheric 

30 pressure, a relationship between the atmospheric pres- 
sure sensor signal TA and the modification gain KTA is 
set in tiie memory table such that the modification gain 
KTA increases as the atmospheric pressure sensor sig- 
nal TA becomes smaller. 

35 [0056] The modification gain cak;ulating portion 70n 
receives the fuel temperature sensor signal TF and cal- 
culates a modification gain KTF corresponding to the 
fuel temperature sensor signal TF at that time by refer- 
ring to a relevant tat>le stored in a memory. 

40 [0057] Here, in view of ttie fact tiiat ttie engine output 
power is reduced when the fuel temperature is low or 
high, a relationship between tiie fuel temperature sen- 
sor signal TF and the modification gain KTF is set in the 
memory table such tiiat the modificatbn gain KTF 

45 increases as the fuel temperature sensor signal TF 
becomes smaller, and also increases as the fuel tem- 
perature sensor signal TF becomes larger. 
[0058] The modification gain cak:ulating portion 70p 
receives the cooling water temperature sensor signal 

50 TW and calculates a modification gain KTW corre- 
sponding to the cooling water temperature sensor sig- 
nal TW at tiiat time by referring to a relevant table stored 
in a memory. 

[0059] Here, in view of tiie fact tiiat ttie engine output 
55 power is reduced when the cooling water temperature is 
low or high, a relationship between tiie cooling water 
temperature sensor signal TW and the modification gain 
KTW is set in tiie memory table such that the modrfica- 
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tion gain KTW inaeases as the cooling water tempera- 
ture sensor signal TW becomes smaller, and also 
increases as the cooling water temperature sensor sig- 
nal TW becomes larger. 

[00601 The modification gain calculating portion 70q 
receives the intake temperature sensor signal Tl and 
calculates a modification gain KTI corresponding to the 
intake temperature sensor signal Tl at that time by refer- 
ring to a relevant table stored in a menrory. 
[0061] Here, in view of the fact that the engine output 
power is reduced when the intake temperature is low or 
high, a relationship between the intake temperature 
sensor signal Tl and the modification gain KTI is set m 
the memory tat>le such that the modification gain KTI 
increases as the intake temperature sensor signal Tl 
becomes smaller, and also increases as the intake tem- 
perature sensor signal Tl becomes larger. 
[00621 The modification gain calculating portion 70r 
receives the intake pressure sensor signal PI and calcu- 
lates a modification gain KPI corresponding to the 
intake pressure sensor signal PI at that time by refernng 
to a relevant table stored in a memory. 
[00631 Here, in view of the fact that the engine output 
power is reduced when the intake pressure is low or 
high, a relationship between the intake pressure sensor 
signal PI and the modification gain KPI is set in the 
memory table such that the modification gain KPI 
increases as the intake pressure sensor signal PI 
becomes smaller, and also increases as the intake 
pressure sensor signal PI becomes larger. 
[00641 The modification gain calculating portion 70s 
receives the exhaust temperature sensor signaJ TO and 
calculates a modification gain KTO con-esponding to the 
exhaust temperature sensor signal TO at that time by 
refen-ing to a relevant table stored in a memory. 
[00651 Here, in view of the fact that the engine output 
power is reduced when the exhaust temperature is low 
or high, a relationship between the exhaust temperature 
sensor signal TO and the modif rcation gain KTO is set in 
the memory table such that the modification gain KTO 
increases as the exhaust temperature sensor signal TO 
becomes smaller, and also increases as the exhaust 
temperature sensor signal TO becomes larger. 
[00661 The modification gain calculating portion 70t 
receives the exhaust pressure sensor signal PO and 
calculates a modification gain KPO corresponding to 
the exhaust pressure sensor signal PO at that time by 
refen-ing to a relevant table stored in a memory. 
[00671 Here, in view of the fact that the engine output 
power is reduced with a rising of the exhaust pressure, 
a relationship between the exhaust pressure sensor sig- 
nal PO and the modification gain KPO is set in the mem- 
ory table such that the modification gain KPO increases 
as the exhaust pressure sensor signal PO becomes 
larger. 

[00681 The modification gain calculating porton 70u 
receives the engine oil temperature sensor signal TL 
and calculates a modification gain KTL corresponding 



to the engine oil temperature sensor signal TL at that 
time by referring to a relevant table stored in a memory 
[00691 Here, in view of the fact that the engine output 
power is reduced when the engine oil temperature is low 
5 or high, a relationship between the engine oil tempera- 
ture sensor signal TL and the modification gain KTL is 
set in the memory table such that the modification gain 
KTL increases as the engine oil temperature sensor sig- 
nal TL becomes smaller, and also increases as tiie 
10 engine oil temperature sensor signal TL becomes 
larger. 

[00701 The torque modification value calculating por- 
tion 70v calculates the torque modif ication value ATFL 
after weighting the modification gains, which are calcu- 
15 lated by the above modification gain calculating portion 
70m - 70u. with respective weights. More specifically, 
amounts by which tiie engine output power lowers in 
accordance with the respective nrnxiifk^tion gains are 
determined beforehand for the performance specific to 
20 the engine, and a reference torque modification value 
ATB for the torque modification value ATFL to be even- 
tually determined is stored as a constant in tiie control- 
ler. Also, weights to be Irrposed on the respective 
iTxxlification gains are determined beforehand, and 
25 w»«ight modification values are stored as matrix ele- 
ments A. B. C. D. E. F. G and H in the controller. The 
torque modification value ATFL is then computed based 
on a calculation formula, shown in a torque modification 
value calculating block of Fig. 6. by using the above- 
so mentioned values. 

[00711 The calculation formula in Fig. 6 is shown as 
being expressed by an equation of the first degree. It is 
to be however noted tiiat in tine case where the calcula- 
tion formula is expressed by e.g.. an equation of ttie 
35 second degree, a similar advantage can also be 
obtained because the calculatton intends to finally 
determine tiie torque modification value ATFL in any 

way . . 

[00721 The solenoid control valve 32 having received 
40 the drive cunrent SI3 tiius produced controls, as 
desaibed above, the maximum suction torque of the 
hydraulic pumps 1,2. 

[00731 In the construction described above, the target 
engine-revolution-speed input unit 71 constitutes input 
45 means for instructing the target revolution speed of the 
prime mover (engine) 10. and tifie revolution speed sen- 
sor 72 constitutes first detecting means for detecting the 
actual revolution speed of the prime mover. The base 
torque calculating portion 70e. the revolution speed 
so deviation calculating portion 70f, the torque converting 
portion 70g, the limit calculating portion 70h, the base 
torque modifying portion 70j. the solenoid output current 
calculating portion 7QK the solenoid control valve 32. 
and the second servo valves 22A. 228 constitute speed 
55 sensing control means for calculating a deviation 
between the target revolution speed and the actual rev- 
olution speed, and controlling the maximum suction 
torque of the hydraulic pumps 1. 2 in accordance with 
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the calculated deviation. 

[0074] Also, the environment sensors 75 - 82 consti- 
tute second detecting means for detecting status varia- 
bles relating to the environment of the prime mover 10. 
The modification gain calculating portions 70m - 70u. s 
the torque modification value caJculating portion 70v, 
and the speed sensing torque deviation modifying por- 
tion 70i constitute torque modifying means for, in 
accordance with values detected by the second detect- 
ing means, modifying the maximum suction torque of io 
the hydraulic pumps 1 . 2 to be controlled by the speed 
sensing control means. 

[0075] Further, the speed sensing control means, the 
second detecting means, and the torque modifying 
means constitute the torque control system for a is 
hydraulic punp according to the present invention. 
[0076] Features of the operation of this embodiment 
having the above construction will be described below. 
[0077] Fig. 7 is a graph showing matching points 
between an engine output torque and a pump suction 20 
torque achieved with the torque control system of the 
present invention. For comparison. Fig. 8 is a graph 
showing matching points l3etween an engine output 
torque and a pump suction torque under conventional 
speed sensing control. In both the cases, those match- 25 
ing points are obtained for the engine output torque in a 
normal state and in an output lowered state due to 
change of the environment on condition that the target 
revolution speed is fixed. 

[0078] It is here supposed that, in the conventional 30 
speed sensing control, tiie speed sensing torque devia- 
tion modifying portion 70i shown in Fig. 5 is eliminated 
and the speed sensing torque deviation ATI calculated 
t>y the limit calculating portion 70h is ackied directly to 
the pump t^ase torque TRO in the base torque modifying 3S 
portion 70j. the resulting value being used as the target 
maximum suction torque. 

[0079] A lowering of the engine output power varies 
depending on environment of the engine. For example, 
when the excavator is employed in high ground, the 40 
engine output torque lowers from a level indicated by a 
curve A to that indicated by a curve B because of a 
reduction of the atmospheric pressure. 
[0080] When the engine load (i.e., the suction torque 
of the hydraulic pumps) is light, some point on a regula- 45 
tion curve of the fuel irijection device (governor mecha- 
nism) becomes a matching point between the engine 
load and tiie output torque. Thus, assuming the target 
revolution speed to be Na, the engine revolution speed 
is given by a value, which is a littie higher than the target 50 
revolution speed NIa and corresponds to a point NaO on 
the regulation characteristic curve of the governor 
mechanism, under the light load regardless of a lower- 
ing of the engine output power. The above description is 
equally applied to both this embodiment represented by ss 
Fig. 7 and ttie prior art represented by Rg. 8. 
[0081] When ttie engine load increases, a matching 
point between the engine load and the output torque is 



given by a point on the engine output torque curve A or 
B. Such a point is called a maximum torque matching 
point. 

[0082] in a normal output power state, the maximum 
torque matching point is provided by a point Ma vi^ich 
locates on the engine output torque curve A and corre- 
sporKls to tile target revolution speed Na. As the engine 
load changes from a light load to a high load during tiie 
operation of the hydraulic excavator, the engine revolu- 
tion speed lowers from NaO to Na. This is also equally 
applied to both ttiis emtxxjiment represented by Fig. 7 
and the prior art represented by Fig. 8. 
[0083] When tiie engine output power lowers due to 
change of the environment, the speed sensing control is 
carried out in the prior art to lower the suction torque of 
the hydraulic pumps corresponding to a reduction of the 
engine revolution speed (an increase of the revolution 
speed deviation AN). At this time, a proportion of the 
lowering of the punrp maximum suction torque to the 
reduction of tiie engine revolution speed (the increase 
of the revolution speed deviation AN) is determined by 
the gain K of the torque converting portion 70g shown in 
Fig. 5. That gain is called a speed sensing gain of the 
pump maximum suction torque that corresponds to a 
characteristic indicated by **C*' in Fig. 8. 
[0084] Under tiie conventional speed sensing control, 
because of tiie absence of ttie speed sensing torque 
deviation modifying portion 70i shown in Fig. 5. tiie 
characteristic of the speed sensing gain C is constant 
even with the engine output power lowered due to 
change of the environment. Accordingly, when the 
engine output lowers from tiie curve A to the curve B 
upon an increase of the engine load, tiie suction torque 
of the hydraulic pumps is lowered under the speed 
sensing control along the characteristic of the gain C 
corresponding to ttie reduction of the engine revolution 
speed until reaching a match at a point Mai where the 
suction torque of the hydraulic pumps and the engine 
output torque are equal to each other. In other words, 
the matching point moves from Ma to Mai . 
[0085] TTius, if the engine output power lowers due to 
change of the environment, the engine revolution speed 
is greatiy reduced from NaO to Nal (< Na) as the engine 
load changes from a light load to a high load during tiie 
operation of the hydraulic excavator. 
[0086] For example, where excavation is to be carried 
out in high ground, the engine revolution speed is given 
by NaO a littie higher than the target revolution speed Na 
entered by the operator when a bucket is empty, txit the 
engine revolution speed is reduced to Nal when exca- 
vation of earth and sand is started. 
[0087] This changes nofee and vibration of a machine 
txxJy attributat^le to the engine revolution speed, thus 
making the operator more fatigued. 
[0088] Comparing with the prior art described above, 
in this embodiment, if the engine output power lowers 
due to change of the environment, the sensors 75 - 82 
detect tiie change of the environment. Then, the modif i- 
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cation gain calculating portions 70m - 70u and the 
torque modification vaiue calculating portion 70v 
receive the detected signals and estimate a lowering of 
the engine output power as the torque modification 
value ATFL The speed sensing torque deviation modi- 
fying portion 70i and the base torque modifying portion 
70j execute the process of determining the suction 
torque TR1 (target maximum suction torque) by adding 
the torque modification ATNL. which is obtained by sub- 
tracting the torque modification value ATFL from the 
speed sensing torque deviation ATI, to the pump base 
torque TRO. In other words, the above process implies 
that an amount by which the engine output power low- 
ers due to change of the environment is calculated as 
the torque modification value ATFL. and the target max- 
imum suction torque TR1 is reduced beforehand by 
reducing the pump base torque TRO by such an 
amount. Thus, as the engine output power lowers (as 
the torque modification value ATFL increases), the 
characteristic of the speed sensing gain C for the pump 
maximum suction torque, shown in Fig. 8, is moved 
downward by an amount corresponding to the torque 
modification value ATFL 

[0089] As a result, in a state where the engine output 
power is lowered, the matching point between the 
engine output torque and the pump suction torque is 
given by a point Ma2. The engine revolution speed at 
the matching point is not changed from Na in the normal 
output power state, and hence satisfactory working effi- 
ciency can be ensured with a small reduction of the 
engine revolution speed. 

[0090] With this embodiment, as desaibed above, 
even when the engine output power lowers due to 
change of the environment, a reduction of the engine 
revolution speed can be suppressed and satisfactory 
working efficiency can be ensured at a high load. 
[0091] Also, since the speed sensing to control the 
suction torque of the hydraulic pumps in accordance 
with the revolution deviation is carried out at all times as 
conventional, it is possible to prevent the engine from 
stalling even if the engine output power lowers upon an 
abrupt k)ad being applied or an unexpected event being 
occurred. 

[0092] Further, since the speed sensing control is car- 
ried out. the suction torque of the hydraulic pumps is not 
required to be set with an allowance beforehand, and 
the engine output power can be effectively utilized as 
conventional. Even when the engine output power low- 
ers due to, for example, variations in equipment per- 
formance or change of the performance over time, it is 
possible to prevent the engine from stalling at a high 
load. 

[0093] It is a matter of course that while, in the above- 
described embodiment, the torque modification value 
ATFL is subtracted from the speed sensing torque devi- 
ation ATI in the speed sensing torque deviation modify- 
ing portion 70i. the torque modification value ATFL may 
be subtracted from the torque deviation ATNL in the 



base torque modifying portion 70j- 
[0094] A second embodiment of the present invention 
will be described betow with reference to Figs. 9 - 1 1 . In 
these drawings, equivalent components to those in 
5 Figs. 5 - 7 are denoted by the same reference numerals. 
[0095] In Fig. 9, the controller has functions of punp 
target tilting calculating portions 70a, 70b, solenoid out- 
put cunent calculating portions 70c, 70d. a base torque 
calculating portion 70e, a revolution speed deviation 
10 calculating portion 70Af, a torque converting portion 
70g, a limit calculating portion 70h, a base torque mod- 
ifying portion 70], and a solenoid output cunent calculat- 
ing portion 70k. 

[0096] The revolution speed deviation calculating por- 
ts tion 70Af calculates a revolution speed deviatton AN by 
determining a difference between the target engine rev- 
olution speed NR1 and the actual engine revolution 
speed NE1. and subtracting a revolution speed modifi- 
cation value ANFL. which is obtained by the processing 
20 in Fig. 10, from the difference. 

[0097] The torque converting portion 70g calculates a 
speed sensing torque deviation ATO by multiplying the 
revolution speed deviation AN by a speed sensing gain 
KN. Then, the limit calculating portion 70h calculates a 
25 speed sensing torque deviation ATI by multiplying the 
speed sensing torque deviation ATO by upper and lower 
limits. The base torque modifying portion 70] calculates 
a suction torque TR1 (target maximum suction torque) 
from the speed sensing torque deviation AT1 and the 
30 pump base torque TRO. 

[0098] The other functions are the same as those in 
the first embodiment shown in Fig. 5. 
[0099] In Fig. 10, the controller further has functions 
of modification gain calculating portions 70m - 70u and 
35 a revolution speed modification value calculating por- 
tion 70Av. 

[0100] The processing executed in the modification 
gain calculating portions 70m - 70u is the same as that 
in the first entbodiment shown in Fig. 6. 
40 [01 01 ] The revolution speed modification value catou- 
lating portion 70Av calculates the revolution speed mod- 
ification value ANFL after weighting the modification 
gains, which are calculated by the above rrxxJification 
gain calculating portion 70m - 70u. with respective 
45 weights. More specifically, amounts by whteh the engine 
output power lowers in accordance with the respective 
modification gains are determined beforehand for the 
performance specific to the engine, and a reference rev- 
olution speed modification value ANB for the revolution 
50 Speed modification value ANFL to be eventually deter- 
mined is stored as a constant in the confroller Also, 
weights to be irrposed on the respective modification 
gains are determined beforehand, and weight modifica- 
tion values are stored as matrix elements A. B. C. D. E. 
55 F. G and H in the controller. The revolution speed modi- 
fication value ATFL is then computed based on a calcu- 
lation formula, shown in a revolution speed modification 
vague calculating block of Fig. 10. by using the above- 
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mentioned values. 

[0102] As with the above emtxxliment, a similar 
advantage can also be obtained in the case where the 
calculation formula in Fig. 6 is replaced by, e.g., an 
equation of the second degree. s 
[0103] The drive current S13 produced by the solenoid 
output current calculating portion 70j is output to the 
solenoid control valve 32 shown in Fig. 1 , thereby con- 
trolling the maximum suction torque of the hydraulic 
pumps 1 , 2 as described above, io 
[0104] In the alx>ve-described construction of this 
embodiment, the modification gain calculating portions 
70m - 70u, the revolution speed modification value cal- 
culating portion 70Av. and the revolution speed devia- 
tion calculating portion 70Af constitute torque modifying is 
means lor. in accordance with values detected by the 
second detecting means (the environment sensors 75 - 
82), modifying the maximum suction torque of the 
hydraulic purrps 1, 2 to be controlled by the speed 
sensing control means (i.e., the base torque calculating 20 
portion 70e, the revolution speed deviation calculating 
portion 70f, the torque converting portion 70g, the limit 
calculating portion 70h, the base torque modifying por- 
tion 70j, the solenoid output current calculating portion 
70k, the solenoid control valve 32, and the second 25 
servo valves 22A, 22B). 

[0105] In this embodiment constructed as described 
above. H tiie engine output power lowers due to change 
of the environment, the modification gain calculating 
portions 70m > 70u and the revolution speed modifica- 30 
tion value calculating portion 70Av receive the signals 
detected by the sensors 75 - 82 and estimate a lowering 
of the engine output power as the revolution speed 
modification value ANFL. The process of determining 
the suction torque TR 1 (target maximum suction torque) 35 
is executed by subtracting the revolution speed modifi- 
cation value ANFL from the deviation between the target 
engine revolution speed NR1 and the actual engine rev- 
olution speed NE1 in the revolution speed deviation cal- 
culating portion 70Af, and then determining the speed 40 
sensing torque modification ATNL from the resulting 
re/olution speed sensing deviation AN. In other words, 
the above process implies that an amount by which the 
engine output power lowers due to change of the envi- 
ronment is calculated as the revolution speed modifica- 45 
tion value ANFL, and the target maximum suction 
torque TR1 is reduced beforehand by reducing the tar- 
get engine revolution speed NRO by such an amount. 
Thus, as tiie engine output power lowers (as the revolu- 
tion speed modification value ATFL increases), a char- so 
acteristic off the speed sensing gain C for the pump 
maximum suction torque, shown in Fig. 1 1 . Is moved 
leftward on the drawing by an amount corresponding to 
the revolution speed modification value ANFL. 
[01 06] As a result, in a state where the engine output ss 
power is lowered, the matching point between the 
engine output power torque and the pump suction 
torque is given by a point Ma2 similarly to the first 



embodiment shown in Fig. 7. The engine revolution 
speed at the matching point is not changed from Na in 
the nomial output power state. 
[01 07] With this enrtxxiiment. therefore, similar advan- 
tages to those obtainable with the first embodiment can 
be obtained. Specifically, satisfactory working efficiency 
can be ensured with a small reduction of the engine rev- 
olution speed. Further, since tiie speed sensing control 
is carried out. it is possible to prevent the engine from 
stalling even if the engine output power bwers upon a 
quick load being applied or an unexpected event being 
occurred. 

[0108] The second embodiment has been described 
above as sutTtracting tiie revolution speed modification 
value ANFL from the deviation between the target 
engine revolution speed NR1 and the actual engine rev- 
olution speed NE1 in the revolution speed deviation cal- 
culating portion 70Af. This calculating process is 
equivalent to steps of adding the revolution speed mod- 
ification value ANFL to the target engine revolution 
speed NR1 . and then subtracting the resulting sum from 
the actual engine revolutk>n speed NE1 . Therefore, the 
above calculating process may be performed by provid- 
ing means for adding the revolution speed modification 
value ANFL to the target engine revolution speed NR1 . 
and subtracting an added value, which is obtained by 
the adding means, from the actual engine revolution 
speed NE1 in the revolution speed deviation calculating 
portion 70Af. 

INDUSTRIAL APPLICABILITY 

[0109] According to tiie present invention, even when 
the output power of a prime mover lowers due to change 
of the environment, a reduction of the revolution speed 
of tiie prime mover can be suppressed and satisfoctory 
working efficiency can be ensured at a high load. 
[01 1 0] Also, since the speed sensing control Is carried 
out as conventional, it is possible to prevent the prime 
mover from stalling even if tiie output power of the prime 
mover k3wers upon an atvupt load being applied or an 
unexpected event being occurred. 
[01 1 1 ] Further, since the speed sensing control is car- 
ried out. the suction torque of a hydraulic pump is not 
required to be set with an allowance beforehand, and 
the output power of the prime mover can be effectively 
utilized as conventional. Even when the output power of 
the prime mover lowers due to. for example, variations 
in equipment performance or change of the perform- 
ance over time, it is possible to prevent the prime mover 
from stalling at a high load. 

Claims 

1. A torque control system for a fiydraulic pump in a 
hydraulic construction machine comprising a prime 
mover (1 0). a variable displacement hydraulic pump 
(1 or 2) driven by said prime mover, input means 



11 



BNSDOCID: <EP 



0945619A1 I > 



19 



EP 0 945 619 A1 



20 



(71) for instructing a target revolution speed of said 
prime mover, first detecting means (72) for detect- 
ing an actual revolution speed of said prime mover, 
and speed sensing control means (70e-70h. 70j, 
70k. 32. 22A, 22B) for calculating a deviation (AN) s 
between the target revolution speed and the actual 
revolution speed and controlling a maximum suc- 
tion torque of said hydraulic pump in accordance 
with the calculated deviation, wherein: 

10 

said torque control system includes second 
detecting means (75-82) for detecting status 
variables relating to the environment of said 
prime mover (10). and 

torque modifying means (70m-70u, 70v. 70i; is 
70m-70u. 70Av, 70Af) for, in accordance with 
values detected by said second detecting 
means, modifying the maximum suction torque 
of said hydraulic pump (1 or 2) to be controlled 
by said speed sensing control means (70e- 20 
70h. TOj, 70k, 32, 22A. 22B). 

2. A torque control system for a hydraulic pump in a 
hydraulic cor^truction machine according to Claim 

1 . wherein said speed sensing control means com- 2S 
prises means (70e-70h. 70j) for calculating a target 
maximum suction torque (TR1) of said hydraulic 
pump (1 or 2) based on ssad target revolution speed 
and said revolution speed deviation, and means 
(70k. 32. 22A. 22B) for limitingly controlling a maxi- 30 
mum displacement of said hydraulic pump in 
accordance with said target maximum suction 
torque, and wherein sakS torque modifying means 
(70m-70u, 70v, 70i; 70m-70u, 70Av. 70Af) modifies 
said target maximum suction torque (TR1) in 35 
accordance with the values detected by said sec- 
ond detecting means (75-82). 

3. A torque control system for a hydraulic pump in a 
hydraulic construction machine according to Claim 40 
1, wherein said torque modifying means conprises 
means (70m-70u) for. for each of the status varia- 
bles relating to the environmerrt of s€ud prime 
mover, determining an output power change of said 
prime mover corresponding to the detected value of 45 
the instantaneous status variable from a preset 
relationship between the status variable and said 
output power cheuige, and means (70i; 70Af) for 
modifying the maximum suction torque of said 
hydraulic pump (1 or 2) in accordance with saki out- so 
put power change. 

4. A torque control system for a hydraulic pump in a 
hydraulic construction machine according to Claim 

3. wherein said torque modifying means further ss 
conprises means (70v; 70Av) for determining a 
modification value (ATFL; ANFL) corresponding to 
the instantaneous output power change of said 



prime mover from a preset weighting function for 
said output power change depending on the status 
variables relating to the environment of said prime 
mover, and wherein said means (70i; 70 Af) for mod- 
ifying the maximum suction torque of said hydraulic 
pump (1 or 2) in accordance with saki output power 
change modifies the maximum suction torque of 
said hydraulic pump in accordance with said modi- 
fication value (ATFL; ANFL). 

A torque control system for a hydraulic pump in a 
hydraulic construction machine according to Claim 
1. wherein sakJ speed sensing control means com- 
prises first means (70e-70h. 70j) for calculating a 
punp base torque (TRO) in accordance with sad 
target revolution speed, calculating a speed sens- 
ing torque deviation (AT1) in accordance with said 
revolution speed deviation (AN), and adding the 
speed sensing torque deviation to the pump base 
torque to provide the target maximum suction 
torque (TR1) of said hydraulic pump (1 or 2). and 
second means (70k. 32. 22A, 22B) for limitingly 
controlling a maximum displacement of said 
hydraulic purrp in accordance with said target max- 
imum suction torque, and wherein sakI torque mod- 
ifying means comprises third means (70m-70u. 
70v) for calculating a torque modification value 
(ATFL) for sakj target maximum suction torque in 
accordance with the values detected by said sec- 
ond detecting means (75-82). and fourth means 
(70i) for subtracting the torque modification value 
(ATFL) when the speed sensing torque deviation is 
added to the pump base torque by sakJ first means, 
thereby modifying said target maximum suction 
torque (TR1). 

A torque control system for a hydraulic pump in a 
hydraulic construction machine according to Claim 
1 , wherein sakI speed sensing control means com- 
prises first means (70e-70h, 70j} for calculating a 
pump base torque (TRO) in accordance with said 
target revolution speed, subtracting said target rev- 
olution speed from sakJ actual revolution speed to 
determine said revolution speed deviation (AN), 
and modifying said punp base torque in accord- 
ance with said revolution speed deviation (AN) to 
provkle the teirget maximum suction torque (TR1 ) of 
said hydraulk; pump (1 or 2), and second means 
(70k, 32, 22A. 22B) for limitingly controlling a maxi- 
mum displacement of said hydraulic pump in 
accordance with said target maximum suction 
torque, and wherein said torque modifying means 
comprises third means (70m-70u, 70Av) for calcu- 
lating a revolution speed modification value (ANFL) 
for said target revolution speed in accordance with 
the values detected by said second detecting 
means (75-82). and fourth means (70Af) for further 
sutstracting the revolution speed modification value 
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when said target revolution speed is subtracted 
from said actual revolution speed by said first 
means. 
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